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Morphology in Polymer Crystallization

Shuichi Kimata,*? Takashi Sakurai,*

f the Shish-Kebab

Yoshinobu Nozue,** Tatsuya Kasahara,*

Noboru Yamaguchi,* Takeshi Karino,? Mitsuhiro Shibayama,? Julia A. Kornfield®*

In the rich and long-standing literature on the flow-induced formation of oriented precursors to
polymer crystallization, it is often asserted that the longest, most extended chains are the dominant

molecular species in the “shish” of the “shish-kebab” formation. We performed a critical
examination of this widely held view, using deuterium labeling to distinguish different chain

lengths within an overall distribution. Small-angle neutron-scattering patterns of the differently
labeled materials showed that long chains are not overrepresented in the shish relative to their
concentration in the material as a whole. We observed that the longest chains play a catalytic role,

recruiting other chains adjacent to them into formation of the shish.

ith their low cost and wide diversity

s"’ in polymer chain structures, poly-
olefins are the most widely used

family of synthetic polymers today. As with
many polymers, in their solid form they are
neither fully crystalline nor amorphous; instead
they are considered semicrystalline with a crys-
tal fraction strongly dependent on processing

tropic, spherulitic morphology to a highly ori-
ented, shish-kebab morphology, which markedly
increases stiffness (2) and decreases permeability
(7). This morphological transition is induced by
flow and is very sensitive to the molecular at-
tributes of the polymer—particularly those of
the longest chains present in the material. Re-
cent advances in catalyst technology afford con-
trol of not only the monomer-level structure of
the polymer chain (3, 4) but also the topology
(5) and the nanostructure (6) of olefinic poly-
mers. Therefore, there is an increasing impetus
to uncover the ways in which these molecular
attributes affect flow-induced crystallization.
It is well known that a beautiful super-
structure of polymer crystals can be created by

conditions. The morphologies of semicryst:
materials strongly affect their physical prop
(1), and control of the structural hierarchy
subnanometer- to micrometer-length scal
thus important technologically and fasd
ing scientifically. The most notable chal
in structure and properties are associated
the flow-induced transition from a relativel:
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*Upgrade of the 32 m Small-angle Neutron Scattering Instrument, SANS-U
J. Appl. Cryst., 38, 1035-1037 (2005)

*Current Status of the 32 m Small-angle Neutron Scattering Instrument, SANS-U
Nucl. Inst. Meth. A, 572, 853-858 (2007)
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